In this paper, we report results of an investigation where thirty subjects were observed performing subject-based search in an online catalog system. The observations have revealed a range of misconceptions users have when performing subject-based search. We have developed a taxonomy that characterizes these misconceptions and hypotheses about the causes of the misconceptions. Directions for improving search performance are also suggested.
While archival information sources such as libraries are becoming more computerized, access t o such information is often difficult because of the indeterminism involved in the process by which documents are indexed, and the latitude users have in choosing terms to express a query.
Most online catalog systems offer capabilities for access using known items such as author, title, and call number, and non known items such as access based on subject area. While known-item search is easy t o support, subject-based search can be difficult, often requiring the assistance of a reference librarian. For these types of queries, the problem of finding relevant documents can be difficult for two reasons:
Subject Search
The importance and difficulties of subject-based search have been well documented in the literature. In one card catalog study, subject access was found t o constitute about 40 percent of catalog use [lG] . Another study on online catalogs showed that subject access constituted between one-third and a one-half of all searches [14] . Even though keyword matching capabilities have been incorporated in many online catalog systems, the need for additional subject-related search capabilities has headed the list of desired improvements in several studies [I?'] [13] [15] .
Several approaches have been proposed to alleviate difficulties involved with subject-based access. The National Library of Medicine's CITE public access online catalog offers natural language query input, automatic medical subject headings display, closest match search strategy, ranked document output, and the use of dynamic end user feedback for search refinement [7] .
Other directions include weighted computations of relatedness between query and fiction records [18] , more extensive linkages between fields in different records for browsing and navigating a database [19] , and the application of the "hypertext" concept to catalogs, that is, breaking the linearity of the traditional file structure and providing links in a variety of different directions in records [ I l l .
In addition, "intelligent front ends" [30] [22] [lo] [9] and "expert systemsi' [24] have been built in several restricted domains.
[27] [29]
While the above approaches are recognized as being important improvements t o subject search, there are surprisingly few theoretical o r empirical analyses about the real causes underlying the problems with subject based access. More recently however, Bates [3] has proposed a framework based on general systems theory for understanding the problems associated with subject search.
The framework highlights the role of uncertainty and indeterminism in the process of both indexing and searching. According to this framework, the problems associated with subject search can be understood more clearly by considering the indeterminism involved in the process of classification and in the terms searchers use in attempting t o formulate a query, as well as those features of classification schemes that lead t o reduced redundancy in cataloging. Specifically, the factors that make subject search problematic are as follows:
Uncertainty:The indexing of most catalogers is partly indeterminate and probabilistic.
Evidence suggests that different indexers, well trained in an indexing scheme might assign indices for a given document differently. It has also been observed that an indexer might use different terms for the same document a t different times [12] 1281. An even higher degree of uncertainty has been observed in users' searches. One study revealed that on average, the probability of any Center for Digital Economy Research Stem School of Business IVorking Paper IS-88-20 two people using the same term to describe an object ranged from 7 to 18 percent [8] . In summary, the evidence suggests that there is considerable latitude involved in: i) the classification of a document i n t o a particular category, and ii) the term a searcher might use to describe a subject area.
h4atehing:Due t o the uncertainty in indexing and searching, generating an exact match between the user's term and that of the indexer becomes difficult. Bates [3] argues that for a successful match, the searcher must somehow generate as much "variety" (in the cybernetic sense, as defined by [I] ) in the search as is produced by the indexers in their indexing. The variety produced by a n indexer can also be viewed as redundancy in the sense that i t consists of partially overlapping meanings applied to a document. T o increase the chances of a successful match, there should be a number of labels for each document. This requires preserving the redundancy (generated by the indexer) associated with each document. In practice, however, catalog systems discourage redundancy for the following reasons:
1. Whole document indexing: The cataloger working according to the Library of Congress or some other scheme is trained t o index the whole document, not parts or concepts within it.
2. Uniform Heading: The principle of uniform heading holds that for any description there is to be one and only one heading reflecting that description.
Specific Entry:
Each book is to be entered under a category (heading) which is specific t o the content of the book, neither broader or narrower in scope than t h e scope of the book's contents. 4 . Limited cross-reference structure: cross references are frequently an afterthought t o "augment" the basic catalog organization [2] .
In summary, these te~lde~lcies to reduce redundant access points, decreasing the likelihood that a user will generate the right term for retrieval.
Rigidity:While indexers use the rule of specificity for indexing, users tend t o approach a search by specifying broader terms first. There might be several reasons for this. One hypothesis is that users often do not have "queries", but what Belkin calls an "anomalous state of knowledge" [4] .
Users often expect t o refine (narrow down) this anomalous state into a query, through an interactive process. However, the organization of a catalog or a system does not always facilitate this type of query refinement. In contrast, reference librarians appear t o be particularly adept a t this function. Another reason for the "broader terms first" phenomenon t h a t we described in [5] that a user might be unsure about the librarian's knowledge about the subject, and might consider i t more prudent to start with the general terms first. While reference librarians are cognizant of this phenomenon and press the user towards focusing the query, the user has no such direct support from a computer system.
Research Design
The NYU online catalog system, Bobcat, lists over 600,000 catalog records including all new materials purchased after 1973 and many older items previously listed in the card catalog; journals are not listed under Bobcat. The system provides seven search options, namely, title search, author search, combination of author and title search, subject search, number search, keyword search, and Boolean search. These options are available in most online catalog systems. 1 . T I L -T i t l e . j o u r n a l t i t l e , s e r i e s t i t l e , e t c . 2 . AUT -Author, i l l u s t r a t o r , e d i t o r , o r g a n i z a t i o n , e t c . 3 . A-T -Combination of author and t i t l e . 4 . SUB -S u b j e c t heading assigned by l i b r a r y . 5 . NUM -C a l l number, ISBN, ISSN, e t c . 6 . KEY -One word taked from a t i t l e (TILK) , a u t h o r (AUTK) o r s u b j ect(SUBK1 7 . BOL -Boolean s e a r c h on t i t l e , a u t h o r , and s u b j e c t .
E n t e r number o r code, then p r e s s CARRIAGE RETURN Thirty business school students ranging from Ph.D. candidates t o freshmen participated in the study. These subjects were asked t o perform a search for documents within a subject area of their interest. In general, the most frequently chosen option was 4 above, followed by 6. B u t there were also subjects using known-item search options t o perform a subject-based search.
That is, they used the title (or portion of the title), author, or call number to find documents within certain subject area. Subjects were asked t o write down briefly, what they were looking for. Subjects were also asked t o think aloud during the interaction. This protocol was taperecorded, and the interaction between the user and the system was logged. Most of the inter- action, they were asked a few follow-up questions pertaining to the search process and the problems encountered during search. Suggestions were also elicited about how the system might be improved.
4, A Typology of Misconceptions
We define a misconception as one where a user performs an erroneous action, uses erroneous terms, or goes about achieving a goal using an erroneous or suboptimal procedure. Under this definition, a lack of knowledge about something (ignorance) is also treated as misconception.
While this definition stretches slightly the true meaning of misconception, we adopt it for simplicity.
The logs (and to a small extent the protocols) revealed between one and seven misconceptions per user. Some of these misconceptions precluded users from finding relevant material while others prolonged unproductive search. Three broad categories of misconceptions were identified.
The first category includes misconceptions about the subject area itself. The second category includes misconceptions about the classification scheme. The third type of misconception is about the system's capabilities. In the remainder of this section, we describe these misconceptions, presenting examples for clarification. We do not provide tables of statistics for each type of misconceptions since these would increase significantly the length of this paper. These statistics can be obtained from the authors.
Subject Area Misconceptions
A lack of expertise in the subject area leads to three related problems: not choosing appropriate terms to initiate a search, not having good a priori estimate about how much material there might be for a subject, and not expressing the query a t an appropriate level of specificity.
Inappropriate Terms
The LCSH in the system consists of "official" terms. Users on the other hand, use terms they feel best express the "semantic content" of their problem. However, even though the user may be "close" in some sense to the official term, it may not yield any relevant material. To illustrate, one subject looking for books on "measure theory" used the term "measurement" instead. Only after more than 10 minutes browsing did he realize that the screenfuls of citations (which had to do with all kinds of measurement such as pollution measurement, pollen count measurement, etc) had nothing to do with measure theory. In another case, a subject thought "information retrieval
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No Estimate About the Volume of Relevant Work
Problems can also arise when a user does not have a good estimate about how much material exists in a subject area. A common misconception among users, particular Ph.D. students, appears to be that their subject of interest is too specific for there to be books that are directly relevant. If a n initial search attempt is unsuccessful, this bias tends to confirm the user's feeling that no relevant material exists. For example, on finding only one citation corresponding to the subject term "career", one subject thought that that was all the material to be expected --not realizing the fact that there were over 50 citations listed under similar headings such as:
"occupations", "professions" and "vocational guidance". Similarly, a subject was convinced that there was no book dealing with the "Contadora peace plan" because this topic is too specific and recent. Actually there were several books in the library that discuss the "Contadora peace plan" (which can be determined simply by using the title search option!).
Expressing the Query at Inappropriate Level of Specificity
A common tendency is one of not expressing the query a t the appropriate level of specificity.
The use of a "broader entry first" strategy has been observed in other studies [2] [4]. In this investigation, over 70% of our subjects used terms that were more general than they should have been. For example, one subject checked every citation under "statistics" when she actually needed something on "statistical powern. In the other example, the subject browsed under "Nicaragua" and "Latin America" instead of the nContadora peace plan". On the other hand, a minority of subjects used terms that were too specific, e.g. "Dempster-Shafer theory" and "software reusability" when they were really looking for literature on uncertainty and systems/software maintenance respectively. Such requests resulted in no matches. On the other hand, the broader terms first strategy did result in a match, although because of the specific entry principle in LCSH, they often matched documents which were a t the wrong level of specificity [3] . One reason for why most queries tend to be expressed too generally appears t o be that described in section 2, namely, that users often begin a search with an "anomalous state of knowledge". This tendency is probably reinforced by situations where prior experience with using specific terms results in no matches.
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Classification S c h e m e Misconceptions
The backbone of the subject search option (SUB and SUBK) is the Library of Congress Subject Headings (LCSH) classification scheme. There were three types of misconceptions about this classification scheme: misinterpreting the terms used in subject headings, not realizing the indexing principles of LCSH, and simply ignoring the existence of LCSH.
4.2.1.
This type of problem stems from lack of knowledge about the classification scheme, no crossreferencing facility within the system, and the incapability of the system to infer synonymous terms.
Finally there was some confusion between title and subject heading. Some users believed there should be a one-to-one correspondence between the title and the subject area. As one user remarked:
" I n v a r i a b l y , t h e t i t l e is a r e f l e c t i o n of i t s c o n t e n t .
I f someone has w r i t t e n something which has major c o n t r i b u t i o n towards, l e t s a y , p r o j e c t management, t h e r e should be p r o j e c t management i n t h e t i t l e . So i f I u s e T I L o r TILK, i t works j u s t a s w e l l a s SUB."
This search strategy reflects a lack of knowledge about the classification scheme.
N o t Realizing t h e L C S H I n d e x i n g P r i n c i p l e s
A second problem was the lack of knowledge about the indexing principles of LCSH. There are three principles which were violated repeatedly: the specific entry principle, the whole document indexing principle, and the principle of subdivision. Based on the specific entry principle, subject headings assigned to a document are as specific as possible. However, users tend t o think t h a t a document classified under a certain heading should also be classified under a broader heading.
The following remark is indicative of this type of misconception:
" I f t h e r e 1s something comes o u t of c o r p o r a t e planning, Secondly, in order to reduce redundancy, LCSH indexers are trained to use a term that indexes a whole book, not a portion of it. This is referred to as the whole document indexing principle.
Again, users without a knowledge of the LCSH violated this principle. The following remark illustrates this type of misconception:
"Some books t a l k e d about s e v e r a l sub-topics i n d i f f e r e n t c h a p t e r s . Perhaps I can search from these sub-topics. The system should then suggest these books."
However, since a book is indexed for its entire content, a broader term can be assigned to a book than any of the topics it covers. For example, a book which covers queuing theory, linear programming, and inventory theory is likely to be assigned a subject heading like "operations research", and is therefore not accessible by its specific topics.
Lastly, most users were unaware of the subdivisions in LCSH. Standard subdivisions within subjects headings are features like topical (which limit a concept term to a sub-topic), period (time), and local (like geographic area). Without this knowledge, users tend to explore combinations of terms which for the most part are unproductive. For example, one subject spent about 10 minutes searching for information on the "Contadora peace plan" under the subdivisions of "Nicaragua" and "Latin America". Clearly, the "Contadora peace plan" is highly unlikely to be a standard subdivision given how specific it is (for such queries it makes more sense to use a keyword search based on title --this would provide materials consisting of documents whose title includes the keyword in any position).
Not Consulting the LCSH
Only one out of the thirty subjects asked for or consulted the two volume LCSH handbooks.
Faced with difficulty generating system-recognizable terms, even experienced users did not consult it. If the user looking for information about "human factors" had looked a t the LCSH handbook using the term "human factors", he would have found "human engineering" (an official LCSH term) via cross referencing.
We posit that the unwillingness of users to consult the two rather large looking LCSH handbooks stems from the infrequent usage of the system which might discourage the time investment needed to learn it. It is probably worthwhile to try to incorporate the LCSN knowledge into an online system.
System Misconceptions
The last category of misconceptions are about the system itself. Twenty-five subjects exhibited erroneous perceptions about the system. System misconceptions are of two types: system's messages, and the system's capabilities.
System Messages
Some messages were misinterpreted by users due to a lack of precision in the system's language.
For example, on typing "South Africa, sport" at the level where the system expected the input of a search option resulted the error message: "Your selection not recognized by the system." This message was interpreted by the user as stating that no document found under "South Africa, sport". In general, such misinterpretations arose because of the overally general content of the system's message.
Secondly, users confused the meaning of options. For example, some users were confused between the command PREVIOUS SCREEN which brought back the screen that was displayed previously, and BAC, which scrolled backward in the list of citations or headings. In other cases, users had difficulty distinguishing between the command IND which displayed the list of subject headings and the command CIT which displayed the list of matched documents.
Users also tended t o ignore vital information on the screen. In many situations, users were not aware of subject headings printed on the screen which were actually relevant to the query. These subject headings were either displayed along with the titles of the documents (see boldfaced parts of figure 4-1) or as part of a detailed description of a book (see boldfaced parts of figure 4-2). We posit that this occurred because too much incidental information was presented on the screen, causing the user to overlook the important cues.
System Capabilities
There were three misconceptions about the system's capabilities. The first was the lack of clear understanding of the capability of each of the seven search options. Confusion was observed among the SUB, SUBK, TIL, and TILK options. In reality, SUB can only search for the subject headings if the user's terms happen to be in the leftmost position of an official LCSH subject heading. For example, "economic" will match headings like "economic development" but not but matches all headings which have that word appearing in them, regardless of position. For example, "business planning" can be matched by using "planingii as the keyword in SUI3K. The same rules apply to TIL and the TILK. Several subjects who actually used these options interchangeably or did not realize the potential fruitfulness of using one option over others. This misconception reflects a limited knowledge of the system's functionality and a low frequency of use. There is no tutorial that might make clear the differences in capabilities of the search options.
A second major problem related to the system's capabilities was a lack of understanding of the system's match/search method. The system finds documents by matching alphabetically the terms supplied by the user. Six subjects exhibited lack of understanding of this process. For example, one subject typed in "South Africa, sport" after he had already browsed unsuccessfully all headings that had matched "South Africa". In another case, a subject typed in "salt Center for Digital Economy Research Stem School of Business IVorking Paper IS-88-20 substitute" which matched alphabetically close headings starting from "salt --social aspects" She didn't realize there were subject headings before the first screen of the list of headings displayed in front of her that also had t o do with other aspects of salt. Typing BAG (to move backward in t h e list of matched headings), would have shown "salt --physiological effect", which she was looking for. Finally, the use of operators such as "AND" and "OR" in non-Boolean search seems t o suggest that users expect certain set operations to be performed automatically by the system. An example of this type of misconception is apparent in the following subject search (SUB) query: "Dempster-Shafer theory and expert systems" where the user expected the "AND" t o be interpreted by the system to perform set intersection.
The last type of problem resulted from a lack of knowledge about "levels" of menus in the system. Basically the system's menus are a t several levels as shown in figure 
Improving System Performance
Based on our findings, it is clear that subject-based search needs to be better approached by users, and also better supported by computer-based systems. Specifically, there appear to be a t least three ways of enhancing search success: via appropriate search strategies, query refinement mechanisms, and a user modeling component within the system.
Search Strategies
We propose several heuristics which should help avoid many of the obstacles we observed.
These heuristics fall into two categories:
Browsing Rules:
1. While browsing, Look for the subject headings of each citation.
2. Browse both forward and backward in the list of headings when a subject heading produces matches. Relevant subject headings may be in the previous or subsequent screens.
3.
If the number of matched subject headings or citations is too large, and little or no relevance is observed after browsing a screenful, make the search terms more specific.
Search Options Rules:
1. For subject areas that can be described using one word, use keyword searches (TILK and SUBK); otherwise use the standard title or subject search options (TIL and SUB). This increases the likelihood of a match since a keyword can match in any position.
2.
If possible, begin by performing a known-item search first. Use author or title search (AUT, AUTK, TIL, and TILK) to identify one or a few citation and examine subject heading information from the detailed citation. More citations can be obtained by performing subject search (SUB) using the derived subject headings. 
Query Refinement
A good example of the translation from an "anomalous state of knowledge" [4] to a precise statement of the problem is exhibited in figure 5-1 In contrast to the above interaction, we observed reference librarians play a very active role in what we call the term translation process. With the case above, for example, a librarian would actually force a complete specific description of the problem statement, and initiate a terms translation process (probably by consulting the LCSH) with the keywords "human" and "ergonomics".
The details of that model are described in [5] . As a next step in this research, we intend to incorporate the librarian's expertise of query refinement into the retrieval system.
User Modeling
In previous research The taxonomy of misconceptions we have described in this paper, provides a sound basis for building an intelligent user modeling component within an information retrieval system. Information about the user and his query can be obtained through a few questions and from an The output of the user-modeling of the system could be used in two ways. It could be used to plan an appropriate search sequence, that is, suggest what search options to use and how. As we described earlier in this section, known-item searches can be used to anchor and/or determine terms that can be used to perform a focused subject search. The output of the user-modeling component could also be fed into a terms translation process which would require knowledge about the subject area integrated with the classification scheme into an "extended thesaurus"
1231 [24] . Armed with these types of knowledge a retrieval system could become a responsive and intelligent information specialist capable of providing interactive support to a variety of users.
